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Abstract 

We have successfully prepared a-Fe 2 0 3 nanospheres by solvothermal method using 2-butanone and water mixture 
solvent for the first time, which were about 100 nm in diameter and composed of very small nanoparticles. The 
as-prepared samples were characterized using X-ray diffraction, scanning electron microscopy, and transmission 
electron microscopy. The results showed that the product was a-Fe 2 0 3 nanosphere, and the temperature was an 
important factor on the formation of a-Fe 2 0 3 nanospheres. 
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Background 

In the past decade, iron oxides have attracted an enor- 
mous amount of interest because of their great scientific 
and technological importance in catalysts, pigments, and 
gas sensors [1-3]. Among these iron oxides, a-Fe 2 0 3) 
which is the most stable iron oxide with n-type semicon- 
ducting properties under ambient conditions, is the most 
researched and most frequently polymorphed in nature 
as the mineral hematite. Hematite has a rhombohedrally 
centered hexagonal structure of the corundum type with 
a close-packed oxygen lattice in which two-thirds of the 
octahedral sites are occupied by Fe 3+ ions [4]. Recently, 
a lot of researches have been carried out on a-Fe 2 0 3 due 
to its low cost and nontoxic property as an anode 
material for lithium- ion secondary batteries [5-7]. In 
fact, all researches have almost focused on the prepar- 
ation of a-Fe 2 0 3 nanostructured materials, because 
nanoscale materials often exhibit physical and chemical 
properties that differ greatly from their bulk counterparts. 
Various a-Fe 2 0 3 with nanostructures have been prepared, 
such as nanoparticles [5,8-10], nanorods [11], nanotubes 
[12], flower-like structures [13], hollow spheres [14], 
nanowall arrays [15], dendrites [16], thin film [17,18], and 
nanocomposites [19-21]. 

In this work, we report one-pot method to prepare 
a-Fe 2 0 3 nanospheres by solvothermal method using 
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2-butanone and water mixture solvent for the first 
time. The product is a-Fe 2 0 3 nanosphere with an 
average diameter of approximately 100 nm, which is 
composed of a lot of very small nanoparticles. The 
temperature takes an important influence on the formation 
of oc-Fe 2 0 3 nanospheres. 



Methods 

In a typical experimental synthesis, 0.1 g of Fe(N0 3 ) 3 -9H 2 0 
(> 99.0%) was dissolved in 3 mL of deionized H 2 0 under 
stirring. Then, 37 mL of 2-butanone was added to the 
above solution. The mixture was stirred for about 10 min 
and then was sealed in a Teflon-lined stainless steel 
autoclave (50-mL capacity). The autoclave was main- 
tained in an oven at 140°C for 12 h. The crude prod- 
uct was washed with anhydrous ethanol three times 
and finally dried in a vacuum chamber at 60°C for 10 
h. The products were characterized by powder X-ray 
diffraction (XRD) performed on a Philips X'Pert 
diffractometer (Amsterdam, Netherlands) with CuKa 
radiation (A = 1.54178 A). Scanning electron micros- 
copy (SEM) images were taken on a JEOL JSM- 
6700F scanning electron microscope (Tokyo, Japan). 
Transmission electron microscopy (TEM) images 
and high-resolution TEM (HRTEM) images were 
obtained on the JEOL-2010 transmission electron micro- 
scope operating at 200 kV. The corresponding selected 
area electron diffraction (SAED) patterns were taken 
on a JEOL 2010 high-resolution TEM performing 
at 200 kV. The samples used for SEM, TEM, and 
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Figure 1 XRD pattern of a typical sample. 



HRTEM characterization were dispersed in absolute 
ethanol and were slightly ultrasonicated before observation. 

Results and discussion 

The phase purity of the product was examined by X-ray 
diffraction. Figure 1 shows the XRD pattern of a typical 
sample. All peaks can be indexed to the standard 
rhombohedral hexagonal phase Fe2C>3 (JCPDF Card 
No. 86-0550 3c) and there are no additional peaks of 
impurities, indicating that it is pure a-Fe 2 0 3 . 

The morphologies and microstructures of the typical 
sample have been studied by SEM and TEM. The SEM 




Figure 2 SEM images of the product obtained in a typical 
synthesis, (a-b) Low magnification, (c-d) high magnification. 




Figure 3 TEM images of the product obtained in a typical 
synthesis, (a-b) Low magnification, (c-d) high magnification. 



images (Figure 2) show that the product consists of 
well-dispersed spheres with a coarse surface. In the 
high magnification SEM image (Figure 2c, d), a great 
number of cracks on the surface of the spheres can 
be clearly observed, indicating the porous structure 
of the spheres with a diameter about 100 nm. In 
fact, every one sphere is composed of various 
smaller nanoparticles. The low and high magnifica- 
tion TEM images (Figure 3) also reveal that a lot of 
very small nanoparticles are loosely assembled to the 
nanosphere with an average diameter of about 100 
nm, resulting into many gaps in these spheres. In 
other words, the SEM and TEM images together 
conform that the as -synthesized products are uniform 
nanospheres. 

To further investigate the particular structure of 
the a-Fe2C>3 nanospheres, the HRTEM images of the 
typical sample are demonstrated in Figure 4. It can 
be clearly observed that a lot of gaps exist in the 
product, and the average diameter of the nanoparticles is 
about 25 nm (Figure 4a). In fact, we can estimate the size 
of the crystalline grains by Scherrer formula as well. 
Based on the typical reflection of the (104) crystalline 




Figure 4 Image of a single sphere, (a) TEM image and (b) HRTEM 
image. Inset shows the corresponding SAED image from the marked 
part in (a). 
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Figure 5 SEM and TEM images of the products obtained at different reaction temperatures, (a-b) 80°C, (c-d) 100°C, (e-f) 120°C Other 
conditions were the same as those in the typical synthesis. 



plane (Figure 1), the crystallite size was calculated to 
be about 27 nm. Obviously, the two results are almost the 
same. The HRTEM image shows resolved lattice fringes of 
(104) and (110) planes with a spacing of almost 0.27 and 
0.25 nm (Figure 4b), consistent with the XRD results. The 
inset in Figure 4a shows the SAED pattern taken from the 
marked part, which can be indexed to a rhombohedral 
hexagonal phase (space group 3c) with lattice constants 
a = 0.5035 nm and c = 1.3747 nm. 

Moreover, the influence of reaction temperature on 
the product was investigated. Temperature plays a 
crucial role in the formation of well-defined spherical 
product. For example, keeping other experimental 
conditions the same with the typical synthesis when 
the temperature was reduced from 120°C to 80°C, 
significant morphology change was observed, which is 
shown in Figure 5. At 80°C, the obtained product was 
a nanorod (Figure 5a, b), which was FeOOH, similar 
to the previous work [22]. When the temperature was 
100°C, the nanospheres were obtained (Figure 5c, d). 
However, under careful survey, we could find that the 
nanospheres were composed of many FeOOH nanorods. 
Increasing the reaction temperature to 120°C, the 



morphologies of the product (Figure 5e, f) were almost 
the same with the product in the typical synthesis except 
the inferior perfection. 



Conclusions 

In conclusion, we have successfully prepared a-Fe203 
nanospheres by solvothermal method using 2-butanone 
and water mixture solvent for the first time, which are 
about 100 nm in diameter and are composed of very 
small Fe 2 0 3 nanoparticles. The temperature takes an 
important influence on the formation of the a-Fe203 
nanospheres. The as-fabricated a-Fe203 nanospheres are 
expected to be applied in nanocatalysts, nanosensors, 
and lithium-ion secondary batteries. 
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